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Background

 In-situ monitoring can lead to 
 Improved safety 
 Increased fuel efficiency 
 Improved system design 

Monitoring is challenging due to 
 Manufacturing limitation (due to complex surfaces)
 Materials limitations (harsh operating conditions and high temperature)

We are exploring nanoparticle based additive printing for sensor 
fabrication and high temperature electronics with wireless transmission 
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200 sensors across the turbine generate 300 data points per second 

DOE Annual Meeting, Pittsburgh, PA



 Goals:
 Demonstrate the feasibility of low-cost aerosol jet manufacturing for Fossil Energy (FE)

systems and develop materials, next-generation sensors that can reliably operate at high
temperatures (>350 oC up to 500 oC) with wireless transmission

 Objectives:
 Developing novel materials and manufacturing method for wireless strain sensors and

pressure sensors that can operate at high temperatures (>350 oC up to 500 oC)
 Integration of electronic circuitry on a curved 3-D surfaces such as those observed in gas

turbine engines
 Improvement of reliability issues for wireless sensors that arise from the demanding FE

environments.
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RF Chip/Controller
(connected by high T glue)

Sensors

AntennaThin base film
(could be curved)

Schematic of a fully integrated high temperature wireless 
sensor system

FE Turbine Part

Project Goals and Objectives 
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Tasks and Timelines 
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Task 0.0: Feedback to DOE
Task 1.0: Single Sensor Elements - 
Material System and Manufacturing 
Methods
Task 2.0:  Single Sensor Design and 
Testing
Task 3.0: Reliability of Sensors at High 
Temperature
Subtask 3.1:  Work of Adhesion and 
Nanoindentation
Subtask 3.2: Interfacial TEM 
observations
Task 4.0:  Wireless System Design and 
Fabrication
Subtask 4.1. Sensor integration over a 
substrate
Subtask 4.2.Design of a Wirelessly-
Powered Integrated RF Transceiver
Subtask 4.3: Integration over a 
Platform

2018
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

2015
Q4

2016 2017

 Key Milestones (2016):
 Develop/optimize Additive Manufacturing method
 Sensor Material Characterizations (Impedance analysis, Oxidation study,

Micro/Nano structure study)
 Primary Material Selection
 Reliability Test Setup
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Task 1: Manufacturing Method and 
Material System
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Task 0.0: Feedback to DOE
Task 1.0: Single Sensor Elements - 
Material System and Manufacturing 
Methods
Task 2.0:  Single Sensor Design and 

2018
Q1 Q2 Q3 Q4 Q1 Q2 Q3 Q4 Q1 Q2 Q3

2015
Q4

2016 2017

 Manufacturing Method: Aerosol Jet Additive Printing
 Material Selection:

 Study of electrical characterization by impedance spectroscopy 

 Microstructuctural observation through SEM, TEM, XRD, AFM
 Study of oxidation resistance by TEM/SAED, XRD, XPS, TGA



Advantages:

 Environmentally sustainable manufacturing due to minimal 
waste

 High surface to volume ratio/porosity of sintered film can 
improve sensitivity of detection

 Flexibility of using different materials – any material in 
nanoparticle form can be printed

 Capability to rapidly produce custom sensors

 Possibility of arbitrary 3D substrates/surfaces

Additive Manufacturing/Printing for Sensors 
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Approach: Aerosol-Jet Direct-write Printing

UV Laser

 Operates by creating aerosol mist of 1-5 mm 
droplets, each containing nanoparticles

 Clog resistant nozzles 

 Advantages: 
 Minimal waste and manufacturing steps 
 Possibility of arbitrary 3D substrates/surfaces
 Flexibility of using different materials
 High surface to volume ratio of sintered film that 

can improve sensitivity for certain applications
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Aerosol-Jet Printing Video
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